index (BMI), largely used among adults, has been increasingly used to describe and classify the nutritional state of children and adolescents. In addition to being reliable, practical to obtain and easy to understand, BMI shows good correlation with the amount of body fat (2, 3) .
Based on the recommendation for the use of BMI as a criterion for screening excess body fat in obesity among children and adolescents (4, 5) , and in studies that show exponential increase of obesity both in developed and developing countries (6, 7) , the discussion regarding its use to evaluate the nutritional state of the young population has been focused on the choice of the most adequate curve and the definition of critical values for nutritional classification of obesity (1) .
The lack of consensus in literature on the criteria to define obesity in children and adolescents points to the need for researchers to establish specific cut-offs for each population. Therefore, the purpose of the present study was to describe the percentile distribution of BMI values among students aged 10 to 15 years in the city of São Paulo, Brazil, comparing them to international parameters and to evaluate these students as for overweight and obesity by age and gender.
subjects AnD methoDs school sampling
For school selection, the 2002 school census including a list of all the schools in the city of São Paulo was obtained from the regional school jurisdictions. The city was then divided into four areas of study (northern, midwestern, eastern, and southern areas) so that differentiated social groups would be included in the sample.
The proportional sample was stratified according to school inclusion in the socio-geographic areas and their administrative category (public or private). The total number of schools was determined based on the proportion in each area so that the area with the largest number of schools would have the highest number of students included in the study. A proportionality ratio was established between public and private schools in each area; i.e., if there were 10 public and 5 private schools, the ratio would be 2:1, but this proportionality was not the same for all the areas studied. The schools that met the following study inclusion criteria were then selected: minimum of 200 students (50 students per grade) enrolled from 5th to 8th grade; easily accessible facility; and day and/or evening classes. Using stratified, proportional-to-size sampling procedures, schools were drawn to be included in the sample.
The schools were contacted and meetings were scheduled. These meetings were opportunities for explaining the study objectives and showing all materials that would be used in the study. During these expositions the importance of evaluating adolescents for early detection of any nutritional deviations was stressed.
When a school refused to participate it was replaced by another one from the same district, previously numbered and randomly drawn.
All schools for which the principals signed a letter of authorization participated in the study. After their agreement to participate in the study, a meeting was scheduled with the school teachers to explain to them the study objectives so they could help us approach the adolescents and collect data. A great effort was made not to disrupt the school routine during data collection.
A representative sample of the city of São Paulo was studied including 43 schools (32 public and 11 private) from the northern (17%), midwestern (17%), eastern (37%), and southern (29%) areas of the city; most public schools are located in the eastern area of the city (11; 34.4%) and a larger number of private schools is seen in the southern area (6; 54.5%) of the city.
study population
The present study is part of a large project denominated "Life Habits and Nutritional Status of Adolescents Attending Public and Private Schools in the City of São Paulo". No formula was used to estimate the sample size as we opted for a probabilistic approach and all adolescents attending the schools that were drawn and which met the inclusion criteria were selected. However, data was only collected from those students who signed an informed consent. The sample included 8,020 adolescents aged 10 years old and one day to 15 years old and 29 days, of which 54.5% were females and 46% were males, representing a sample fraction of 2.23% out of 360,000 students enrolled in the public and private schools of São Paulo. In regard to student distribution in the fifth, sixth, seventh and eighth grades, 1 
Anthropometric measurements
The study variables were evaluated by a team consisting of 20 female interns (Nutrition and Physical Education students) and four 4 female coordinators (Master's students, two of them authors of the present article) who were previously trained on taking anthropometric measurements. To assure the evaluation's quality a pilot study was carried out after training to assess reliability and objectivity of the evaluators' measures taken. This pilot study was key not only to reduce variability between evaluators but also to minimize interference in the school routine given the large number of students evaluated. The whole project was coordinated by a child/adolescent Physician and a Nutritionist, both teachers at a Federal University.
Adolescents were weighed wearing light clothing and no shoes on a portable digital scale (Tanita ® ) with 150 kg capacity. Their height was determined by means of a wall-mounted digital stadiometer (Seca ® ). These measures were taken based on the criteria as described by Jellife (8) . BMI was calculated by dividing weight in kilograms (kg) by height in square meters (m 2 ) as established by the US Centers for Disease Control and Prevention (CDC) (9). Low weight was defined when BMI values were below the 5 th percentile (< P5); normal weight when BMI values were at or above the 5 th and below the 85 th percentiles (P5-P85); overweight when they were at or above the 85 th and below the 95 th percentile (P85-P95); and obese when they were at or above the 95 th percentile (≥ P95). The study protocol was approved by the Graduate Research Board, and Research Ethics Committee of the Federal University of São Paulo. Only those adolescents whose parents or legal guardians had given their written consent participated in the study.
Data analysis
In order to describe the profile of the sample according to the variables studied, frequency tables for categorical variables (gender, age group) were created and descriptive statistics (mean, standard deviation, minimum and maximum values) for continuous variables (age, height, weight and BMI) were calculated. Student's t-test was used to assess the difference of the numerical variables of interest by gender and the analysis of variance (oneway ANOVA) was performed to assess differences by age, followed by the Tukey's post-hoc multiple comparison test. For asymmetric variables or those without a normal distribution the logarithmic transformation (log10) was performed before calculating the statistical test. The level of significance adopted for all the statistical tests was 5%, that is, p < 0.05 (10) (11) (12) (13) .
Data were pre-arranged for the analysis of distribution of BMI values in the sample studied, from the lowest (minimum) to the highest (maximum), and then subdivided into 100 parts of equivalent sizes (percentiles). The values corresponding to P5, P10, P15, P25, P50, P75, P85, P90 and P95 by gender and age, were adopted.
The chi-square test was used to compare BMI percentiles by gender. Based on these BMI percentiles, we developed the respective curves by age and gender and compared the BMI cut-offs of the sample studied to the parameters established by Cole and cols. (14), Must and cols. (15) and CDC (9) as they are international references largely used in Brazil.
Statistical analyses were conducted using SAS (Statistical Analysis System) for Windows, version 6.12 (SAS Institute Inc, 1989-1996, Cary, NC, USA).
results Table 1 shows the sample's descriptive statistics. When measures were corrected by logarithmic transformation, male adolescents had higher weight (p = 0.036) and height (p < 0.001) and lower BMI values (p = 0.004) than females but there were no statistically significant differences by age (p = 0.36). Male adolescents had lower mean BMI and showed greater data variability (weight and height) as well.
Mean BMI values were higher among female than male adolescents in P10 (16.30 x 16.08; p = 0.006), P15 (16.90 x 16.57; p < 0.001), P25 (17.71 x 17.39; p < 0.001), and P50 (19.72 x 19.31; p < 0.001, respectively). No statistically significant differences were seen in the remaining percentiles. Table 2 shows BMI values in the percentiles by age and gender. Figure 1 and figure 2 present BMI curves for the sample studied in percentiles, by age and gender, in comparison to the parameters described by Must and cols. (15) , CDC (9) and Cole and cols. (14) . Cole and cols. (14) data are presented only for the 85 th and 95 th percentiles, corresponding to overweight and obesity, respectively. 
DIscussIon
Studies on the indicators of overweight and obesity in childhood and adolescence have brought about many investigations on the prognosis of health risk (16) (17) (18) (19) (20) (21) (22) (23) (24) (25) . Some authors have shown preference for the definition of cut-offs based on statistical criteria of mortality or those that point to continuing overweight and obesity in childhood, adolescence and adulthood (26) (27) .
Cole and cols. (14) study was one of the first to present BMI values in agreement with this trend. There are other publications with borderline BMI values that are also used to identify children with overweight and obesity (28) (29) (30) .
Many authors consider it not possible to either estimate worldwide prevalence of obesity in children or compare prevalences due to the diversity of criteria used (31) (32) . National studies on indicators of nutritional state in adolescence are still too limited and usually restricted to developed countries and the real magnitude of this condition is not known in developing societies (33) . Considering the multiracial character of the Brazilian population, and specifically of adolescents of our study, we found how important it is for researchers to establish BMI values based on the population they intend to study so that an early diagnosis of overweight can be made.
Excess weight was seen in 23% of public and 33% of private school adolescents. Of them, 8.21% and 7.83% of girls, and 9.91% and 17.84% of boys were obese, respectively.
As the most widely used scales in health are those with scores expressed in percentiles, we decided to use them to assess the distribution of BMI in adolescents aged between 10 and 15 years from the city of São Paulo. Percentiles indicate the relative position of an individual within a group, showing the position of those who are above or below a given score. The advantage of using percentile tables is that their values are not affected by the distribution of raw scores, and they do not take into consideration the mean and data variability (34) . BMI distribution in percentiles shows different values from those reported in other national studies, especially those at the upper limits of distribution, which are related to body fat. Anjos Although in the present study we did not evaluate BMI values in scores, we noted an inversion of the higher increases in relation to the female. This inversion was not influenced by weight changes that take place for a period, a fact known to have great impact on the increase of obesity prevalence as well as on its severity.
The prevalence of overweight and obesity in Brazil is increasing following the trend seen worldwide (37) (38) (39) (40) . The values found for BMI percentiles in both female and male adolescents aged 10 to 15 (Figures 1  and 2 ) were higher than those proposed by Must and cols. (15) , CDC (9) , and Cole and cols. (14) . The main differences were seen in the upper limits (P85 and P95) for 10-and 11-year-old females and 10-to 13-year-old males.
In regard to the girls studied, BMI values found for the 85 th percentile were higher to those reported in other studies for the ages of 10, 11, 12, 13 and 14, and similar for the age of 15. As for the 95 th percentile, the values found were higher for the ages of 10 to 12; similar to those proposed by Cole and cols. (14) for the age of 13; and lower to those proposed by Cole and cols. (14) and Must and cols. (15) for the ages of 14 and 15. The values found in the 85 th and 95 th percentiles for males aged 10 to 13 were much higher than those reported in other studies. The value in P95 for 14-year-old males was similar to that published by Cole and cols. (14) . In regard to 15-year males, the value in the 95 th percentile was much higher than that described in other studies.
It seems that the cut-offs for overweight and obesity proposed by Cole and cols. (14) were the ones with the closest similarity to those in the sample studied.
Considering that the Brazilian population is miscegenated, it would be interesting for future studies to focus on differences regarding ethnical aspects of growth and body composition since the groups have different characteristics, culture and habits.
The results of the present study describe different BMI percentiles in a representative sample of adolescents. It thus shows the importance for researchers to use these values while studying this population since, as corroborated by our results, international standards may not reflect the real condition of Brazilian adolescents aged between 10 and 15. reFerences
